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ABSTRACT

	 This study evaluated the effect of finishing strategies with different agro-industrial by-
products on meat quality of culled dairy cows. Culled dairy cows (n = 32) were kept individually 
and allotted to one of four treatments. A control group (C) was slaughtered immediately after 
culling-off. All others were subjected to a finishing period of 12 weeks. A forage group was fed 
with ad lib corn silage (F). Additionally there were a high-energy group (6 kg/day of cassava 
pulp + ad lib corn silage; F+) and a low-energy group (6 kg/day of crude rice bran + ad lib corn 
silage; F-) both based on by-products. The longissimus dorsi muscle was excised 24 h post-mortem 
and stored at –20 °C prior to analysis. There were no significant effects of finishing treatment 
on meat color of all groups. Drip, thawing and cooking losses were not statistically different 
between groups. The meat of C had significantly higher percentage of protein and tended to 
have more moisture than the other groups. Meat of the group F+ had the highest contents of 
fat and cholesterol. There was no significant effect by treatment on Warner-Bratzler shear force 
although shear force tended to be lowest with F+. The meat’s contents of soluble and insoluble 
collagen were not significantly different among treatment groups. 
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INTRODUCTION

	 Meat quality includes compositional quality (like lean to fat ratio) and palatability. The  
major parameters considered in the assessment of meat quality are appearance, juiciness, tenderness 
and flavor (Lawrie, 1998). Tenderness is one of the most important organoleptic characteristics 
for consumers judging meat quality. Meat tenderness is depending on muscle characteristics (fiber 
and collagen properties) at slaughter (Maltin et al., 2003), as determined by genetics and feeding 
(Wheeler et al., 1997; Sanudo et al., 2004; Andersen et al., 2005), and by animal and meat handling 
during slaughter and processing.
	 It is well known that beef from older culled animals is tougher (Bouton et al., 1978) and 
tend to be drier upon first bite, with a meatiness residue, compared to meat from young animals 
(Shorthose and Harris, 1990). Hill (1966) found that the effect of collagen on tenderness was due 
to the soluble part of total collagen, where solubility decreases with increasing age. Several studies 
have evaluated the efficiency of increasing live and carcass weights of culled dairy cows with 
high-concentrate diets (Miller et al., 1987; Cranwell et al., 1996; Vestergaard et al., 2007). This 
improved their condition score and fatness state (Vestergaard et al., 2007). Finishing culled dairy 
cows can be an important activity to raise the profits of cattle farms, but this requires that costs 
of feeding in that period are limited. In this study, we therefore were interested in the utility of  
by-products from the agro-food industry like cassava pulp and rough rice bran. In Thailand, cassava 
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starch is a large and growing industry generating at least 1 million tons of pulp annually (Sriroth 
et al., 2000). Cassava pulp is consisting of the solid waste produced by the cassava starch industry. 
As it still contains high amounts of starch (50-60% of dry matter) it is a feed with a high energy 
content. Like for cassava, Thailand is one of the world’s largest producers of rice. Rice bran is the 
pericarp and germ of Oryza sativa seeds and constitutes about 10% of the whole rice grain. The 
current main application for cassava pulp and crude rice bran is as a low price animal feed in the 
beef cattle industry. Therefore, the aim of this study was to investigate the effect of including these 
by-products into the finishing diets of culled dairy cow son meat quality.

MATERIALS AND METHODS

Animal, housing and treatment
	 Thirty-two culled Holstein crossbred dairy cows were used in a complete randomized design 
(CRD). They were penned individually and allotted to one of the four treatments. The control group 
(C) was slaughtered immediately after culling-off. A forage-only group was fed with ad libitum corn 
silage (F), a high-energy group received 6 kg/day of cassava pulp + ad libitum corn silage; F+, and a 
low-energy group 6 kg/day of crude rice bran +ad libitum corn silage; F-.After a preliminary period 
of 14 days, they were weighed every 2 weeks during 12 weeks. The average initial BW was 447, 
427and 446 kg for three treatments, respectively. Cows were housed at a commercial farm (Chiang 
Mai Fresh Milk Company, Thailand) and managed following the Animal Care and Use Committee 
of the Thai Livestock Department following the guidelines of the Federation of Animal Science 
Societies (1999). The chemical composition and energy value of the feed are shown in Table 1.

Table 1. Ingredient composition (% of DM) of feed used in culled cow feeding trial.
Corn-silage Cassava pulp Rough rice bran

DM (%) 24.8 88.9 87.6

CP (%)   6.79   2.58   5.70

EE (%)   1.35   2.50   4.81

CF (%) 31.2 13.2 12.8

Ash (%)   6.54   3.85   6.20

GE (M cal) 3,655 3,723 3,315

NDF (%) 62.8 37.6 42.1

ADF (%) 36.2   9.80 14.1

ADL (%)   8.67   3.90   4.48

Sample collection and chemical analysis
	 Feeds offered and left after eating of individual cattle were weighed and collected on two 
consecutive days of each period (21 days). Samples were taken and dried at 60 ºC for 48 h. At the 
end of the experimental period, feed samples were mixed and sub samples were taken for further 
chemical analysis. Samples were ground through 1 mm screen and analyzed for chemical analysis. 
Dry matter (DM) was determined by hot air oven at 105 ºC for 6 h. The crude protein (CP) was 
determined by Kjeldahl analysis (AOAC, 1995). Ether extract (EE) was determined using dichlo-
romethane in a Soxtec System (AOAC, 1995). Ash content was determined by burning in a muffle 
furnace at 600 °C for 3 h. Gross energy was determine using bomb calorimeter. Fiber fraction, 
neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined using the method  
described by Van Soest et al. (1991). The chemical analysis was expressed on the basis of the final DM.

Measurement and sample collection
	 At the end of the finishing period, the animals were weighed again (final weight). All were 
slaughtered in a commercial slaughterhouse. The culled cows were transported by truck in the 
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morning and slaughtered on this evening after a fasting and resting period of 48 h upon arrival. 
At the slaughterhouse, animal were stunned using a captive bolt stunner and dressed according to 
commercial practices. Carcasses were split, weighed and then chilled at 4 °C for 24 h before being 
processed on the day following slaughter.

Assessment of carcass and meat quality as well as chemical analysis
	 After chilling, a sample was removed from the Longissimus dorsi (6th rib to 12th rib). Samples 
were stored in plastic bags and kept on ice for transfer to the laboratory. There, each LD was cut 
into equal portions being 2.54 cm thick. These steaks were vacuum-packaged and stored at -20 
°C until further analysis. Drip loss was assessed as the proportionate weight loss of a part of one 
slice of the muscle (175-185 g) that had been suspended in a plastic bag for 24 h at 4 °C. Other 
samples were defrosted at 2-4 °C for 24 h for determine thawing loss. Samples were grilled at 
160 °C by the principle of circulated hot air (model 720, Mara, Taiwan) after a core temperature 
of 70 °C was reached (directly controlled by the thermocouple tool) and after 5 min of cooling. 
The steaks were weighed before and after cooking to determine cooking losses. Instrumental color 
measurements were recorded at 48 h post mortem for L* (lightness), a* (redness) and b* (yellow-
ness) on the exposed cut surface of the LD between 11th and 12th ribs after 1 h of bloom time by 
using a Minolta Chroma Meter (CR 400 Osaka, Japan). Measures were replicated three times on 
each steak. One slice was analyzed after mincing in a blender (Moulinex; model DPA1) for the 
contents of moisture, protein and ether extract according to standard chemical analyses (AOAC, 
1995) and then the content of ether extract was calculated and expressed as LD intramuscular fat 
(g of fat/ 100 g of muscle). The quantification of cholesterol was carried out by the method of Jung 
et al. (1975) and Biggs et al. (1975), respectively. Meat samples used for Warner-Bratzler shear 
measurements were first wrapped in aluminum foil and cooked to an internal temperature of 70 °C 
in a convection oven pre-heated to 200 °C. The sample’s internal temperature was monitored with a 
date logger and a thermocouple probe inserted horizontally at the steak’s midpoint. The steaks were 
allowed to cool to 25 °C before testing. The maximum shear force was determined from five 1.27 
cm diameter cores which had been removed parallel to the longitudinal orientation of the muscle 
fibers. Each core was sheared perpendicular to the direction of the muscle fibers using a texture 
analyzer (model TA.XT plus, stable micro system, Ltd., London, England).

Statistical analysis
	 Data were analyzed by ANOVA with GLM procedures of SAS (1996) with treatment as a 
fixed factor. The least squares mean (LSM) were compared for significance of the difference using 
Duncan’s New Multiple Range Test.

RESULTS AND DISCUSSION

	 There were no significant effects of finishing treatment on meat color of all groups but meat 
of the group F+ tended to be of a lighter color than that of the other groups (Table 2). This was 
possibly related with the higher fat content of the meat. Supporting our results, Muir et al. (1998) 
found that lean color is associated with increased marbling score. Their investigation showed an 
effect of short-term feeding of 3-year old steer on lean meat color, with significant effects of con-
centrate on L* (lightness) and a* (redness) values. In the present study, compared to F, F+ and 
F- probably had lower carotene concentrations in the meant than corn-silage only fed cows, as the 
extended feeding of concentrate feeds would have resulted in a lower intake of corn silage. There 
were detectable effects of increased yellow pigment in fat with increasing grass silage (Strachan 
et al., 1993) and the same might have been true for maize silage. In addition, Warren et al. (2008) 
shown that the difference in color intensity gradually developed between a concentrate and a grass 
silage-fed group, with a lower intensity of the red color found in the concentrate group. These 
results also agreed with Priolo et al. (2001) who found, in a review of several studies that muscle 
from grass-fed cattle tended to be darker than those from grain-fed cattle. Conversely, some authors 
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showed that neither grass nor concentrate diets had effects on the color of the loin muscle from 
lrish beef (Dunne et al., 2005, 2006; French et al., 2000, 2001). Different from that, Minchin et 
al. (2009) showed a significant effect of the duration of the feeding period on muscle lightness, 
but this effect could not be related to diet ingredients. The finishing treatment had no significant  
effect on drip, thawing and cooking losses (Table 2). These traits are not very susceptible to dietary 
measures as they are mostly determined by genetics and pre- and post-slaughter treatment. 

Table 2. Muscle color and water holding capacity of culled cow meat fed with different diets.

Criteria C F F+ F- SEM P-value

Meat color
   L*
   a*
   b*

 
35.6
15.9
10.8

 
36.3
16.2
11.9

36.8
15.5
11

36.6
16.0
11.3

4.45
3.04
2.67

 
0.464
0.345
0.862

Water holding
 capacity, %
  Drip loss
  Thawing loss
  Cooking loss

 

3.83
18.9
22.5

4.25
19

20.2

5.09
20.7
17.9

5.14
22.8
22.2

2.74
19.7
11.8

 

0.761
0.837
0.888

C = slaughter immediately after drying-off, F = forage group, F+ = high-energy group and F– = low-energy 
group
 
	 The chemical composition of the meat of cows of the four treatments is shown in Table 3. 
The meat of the control group had significantly higher percentage of protein and tended to be richer 
in moisture than that of the other groups. The F+ steaks had by far the highest intramuscular fat 
content, followed by F- (not significantly different from any other treatment). Accordingly, the 
muscles varied considerably in composition, and the accumulation of fat obviously was most influ-
ential for this variation (Kauffman and St-Pierre, 2001). The increase in total moisture and protein 
content with resulting decreased in fat content (when expressed as a percentage) intramuscular fat 
content has been shown to increase with grain (Schaake et al., 1993; Bennett et al., 1995). And it 
also increased as feeding period increasing (Sawyer et al., 2004). May et al. (1992) observed that 
marbling score of meat from grain-fed cattle was higher than that of forage-fed cattle only after 
84 days on feed. In other studies, forage versus grain feeding had no effect on intramuscular fat 
content (Vestergaard et al., 2000). The high intramuscular fat content found in F+ confirms that this 
feeding treatment really supplied extra metabolically available energy as was intended by finishing, 
while the efficiency of strategies F and F– remained questionable in this respect.
	 The cholesterol content was affected by finishing treatment in a way that they increased as 
fat content increased, which implies a direct relationship between fat and cholesterol content of 
the muscle. Values reported on the cholesterol content of beef have are variable and range from 47 
to 114 mg/100 g of fresh meat (Del Vecchio et al., 1955; Kritchevsky and Tepper, 1961). Rule et 
al. (1997) emphasized that breed, nutrition, and sex do not affect the cholesterol concentration of 
bovine skeletal muscle. Several investigators have also reported different cholesterol contents of 
lean and fat, which is consistent with the present findings. However, Feeley et al. (1972) reported 
that the cholesterol content of lean and separable fat is similar and Tu et al. (1967) reported that 
the degree of marbling had no effect on muscle. A common serving of beef from pasture-based 
production systems has low levels of cholesterol (Padre et al., 2007). Jimenez-Colmenero et al. 
(2001) reported that the consumption of 200 g of beef represented cholesterol intakes of 83, 73 
and 81 mg from beef from natural pasture-based Nguni, Bonsmara and Angus, respectively, which 
corresponds to less than 30% of the recommended maximum daily cholesterol intake 300 mg/day 
(Greene and Feldman, 1991)
	 The effect of the finishing treatment on Warner-Bratzler shear force (Table 3) was not  
significant, but the meat of group F+ tended to be the lowest when compared with the other treat-
ment (P<0.1). By contrast, French et al. (2000) found no difference in WBSF between beef pro-
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duced on grass-based and concentrate-based diets. In any case the level of shear force measured 
in the present study by far exceeded the value of 40 N from where beef is considered tender, a 
level which can be approached with technical measures postmortem (Jaturasitha et al., 2004). One 
factor affecting tenderness are changes in the myofibrillar protein structure of the muscle either 
genetically determined or taking place in the period between animal slaughter and meat composi-
tion (Muir et al., 1998). 

Table 3. Chemical composition and shear force values of culled cow meat fed with different diets.

Criteria C F F+ F- SEM P-value

Chemical composition (%)
   Moisture
   Protein
   Fat

72.97
22.31a

3.38b

72.51
21.22b

3.98b

71.47
21.09b

6.69a

71.59
21.63b

4.22ab

0.764
0.077
0.885

0.284
0.001
0.009

Cholesterol mg/100g 50.04b  61.44ab 72.96a  65.39b 59.34 0.043

Shear force (N) 86.37 85.84 77.61 83.49 0.405 0.075

Collagen content (%)
   Soluble
   Insoluble
Total

0.263
1.045
1.308

0.267
1.062
1.327

0.274
1.068
1.342

0.272
1.043
1.312

0.001
0.011
0.011

0.826
0.949
0.936

a,bMeans within the same  row with different superscripts differ significantly (P<0.05)
C = slaughter immediately after drying-off, F = forage group, F+ = high-energy group and F– = low-energy 
group
 
	 Collagen or connective tissue is a second factor that contributes to the toughness of meat. In 
the present study, there were no significant effects of finishing treatment on contents of soluble, 
insoluble and total collagen (Table 3). Similarly, Mandell et al. (1998) found that collagen solubility 
was not affected by diet. Hill (1966) describes that the effect of collagen on tenderness is due to its 
solubility. Accordingly, Crouse et al. (1985) observed that intact and castrated Angus and Simmental 
males fed a high-energy diet had a greater amount of soluble collagen than those animals fed a 
low-energy diet. Longissimus steaks from animals fed a high-energy diet also had a significantly 
higher percentage of soluble collagen than pasture-fed animals, although total collagen content had 
not differed (Wu et al., 1981).
	 A third factor determining tenderness might be given by substantial changes in intramuscular 
fat content. Wood et al. (1999) stated that a high intramuscular fat content decreased the muscle 
resistance to shear because of dilution of fibrous protein of soft fat. As Warner-Bratzler shear force 
decreased in the same treatment where fat content increased, the higher intramuscular fat content 
may in fact have been responsible for the slight improvement in meat tenderness found. Consistent 
with that, Vestergaard et al. (2000) found WBSF decreased with increasing intramuscular fat. Also 
Boleman et al. (1996) found the decreases in WBSF to be accompanied by an increasing of marbling 
and carcass fatness. However, when animals are slaughtered at similar carcass weights or level of 
finishing there is no difference in muscle shear force values regardless of diet type (Minchin et al., 
2009).

CONCLUSION

	 This study using agro-industrial byproducts in finishing culled dairy cows to improve meat 
quality is only efficient when it is a feed with a high energy content. In that case intramuscular fat 
content and, to some extent, tenderness are increased. The farmer could then sell the culled meat 
cow as a better quality meat. However, applying additional technological measures like electrical 
stimulation and CaCl2 injection may increase palatability and thus meat quality immensely. By 
contrast, finishing on corn silage either alone or together with rice bran does not seem to be a 
cost-efficient strategy.
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